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Condensation of 6-methoxy- and 6-methylthio-2-propionaphthone with t-butyl
a-bromoisobutyrate gave the corresponding t-butyl P-hydroxy esters in yields
of 80 and 84 % respectively. The treatment of the p-hydroxy esters with iodine
in the presence of red phosphorus in boiling acetic acid effected reductive cleav-
age to produce 6-hydroxy- and 6-methylthio-a, a-dimethyl-P-ethyl-2-naphtha-
lenepropionic acid in yields of 33 and 34 % respectively.
Reduction of the former ester in the presence of palladium-charcoal in acetic
acid gave a, a-dimethyl-p-ethyl-6-methoxy-2-naphthalenepropionic acid in a
49 % yield.
It was already reported that doisynolic acid,
monodehydrodoisynolic acid, and bisdehydro-
doisynolic acid, which are closely related to the
natural hormones, are highly potent estrogens!),
a, a-Dimethyl-l3-ethylallenolic acid*) and its 6-
methyl ether, which are considered more struc-
turally simplified compounds, also possess estro-
genic activityZ) and the syntheses of these com-
pounds have been achieved by several workers
3,4). Horeau et al.,4) for example, prepared these
compounds by the following procedures and
these procedures are commonly used for the
syntheses of allenolic acid derivatives.
Acylation of methyl l3-naphthyl ether with
propionyl chloride in nitrobenzene gives pre-
dominantly 6-methoxy-2-propionaphthone (I; R
= OCHs), which is transformed to ethyll1-hydro-
xy-2-naphthalenepropionate (II; R=OCH3, R'=
CZH5) by condensing with ethyl a-bromoisobuty-
rate in the presence of magnesium. Dehydration
of the resulting hydroxy ester by heating with
potassium bisulfate in formic acid at 190-200°,
catalytic hydrogenation in the presence of Va-
von's platinum followed by saponification with
alkaline solution gave a, a-dimethyl-l1-ethyl-6-
methoxy-2naphthalenepropionic acid (IV; R =
OCH3, R'=H). The demethylation of IV (R =
OCH3, R' = H) with pyridine hydrochloride gave
a, a-dimethyl-l3-ethylallenolic acid (IV; R = OH,
R'=H).
The general scheme of the reaction is repre-
sented as follows:
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*) 6-Hydroxy-2-naphthalenepropionic acid
allenolic acid.
Thus, the route to obtain a, a-dimethyl-l1-
is called ethyiallenolic acid methyl ether (IV; R = OCH3,
R'=H) from II (R=CH3, R'=CzH5) is consti-
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tuted by three steps, i. e., the dehydration,
hydrogenation and saponification. In the case of
a, a-dimethyl-j9-ethylallenolic acid (IV; R = OH,
R'=H), demethylation is necessary. So present
author's attention was turned to the discovery
of the more simplified method to obtain allenolic
acid derivatives.
More benefits*) have been gained in the Refor-
matsky reaction by the use of i-butyl haloesters
in place of the methyl or ethyl esters and then
the author tried to apply these informations to
the synthesis of allenolic acid derivatives.
6-Methoxy-2-propionaphthone (I; R=OCHJ)
was condensed with i-butyl a-bromoisobutyrate in
the presence of magnesium to produce i-butyl a,
a-dimethyl-j9-ethyl-/3-hydroxy-6-methoxy-2-naph-
thalenepropionate (II; R = OCHa, R' = i-C4H9)
in a 80 % yield. The treatment of this i-butyl
j9-hydroxy ester with iodine and red phosphorus
in boiling acetic acid solution effected the simul-
taneous demethylation of the methoxy group
besides reductive cleavage on both sides of the
f3-hydroxyl group and of the t-butyl ester g.roup;
thus the reaction resulted in the formation of a,
a-dimethyl-j9-ethylallenolic acid in a 33 % yield.
The demethylation could be avoided when the
reductive cleavage was carried out by treating
the i-butyl j9-hydroxy ester with hydrogen in the
presence of palladium-charcoal and of concen-
trated sulfuric acid in acetic acid solution at room
temperature. The latter treatment afforded
the a, a-dimethyl- j9-ethyl-6-methoxy-2- naphtha-
lenepropionic acid in a 49 % yield. These prep-
arations were regarded as simplified modifica-
tions of the allenolic acid synthesis.
It is also reported that hormonal activity of
synthetic estrogens is reduced or destroyed by
introduction of sulfur atoms in its molecule, by
replacing either one or several benzene rings by
thiophene ones6), or one or several phenol groups
by thiophenol ones7). Thus, 1,2-diphenyl-2-(2-
thienyl)ethylene and 1-bromo-1-phenyl-2, 2-dj.(4-
methylmercaptophenyl) ethylene9) are far less
active than their corresponding oxygen-contain-
ing analogs. Compounds related to the estrogens
such as hexestrol, stilbene and 1,2, 2-triphenyl-
ethylene9), in which thioether groups or thio-
phene nuclei or both are introduced, were shown
to be inactive or only feebly active in the Allen-
*) The t-butyl ,B-hydroxyesters, obtained by conden-
sation of ketone and t-butyl haloester, could be trans-
formed to the saturated acid having the same carbon
skeleton by treating with the acidic reducing agents5).
Doisy test.
jacques10) prepared a, a-dimethyl-j9-ethyl-6-
methylthio-2-naphthalenepropionic acid (IV; R
=SCHa, R' = H) from IV (R=OH, R'=H) by
reaction of potassium ethyl xanthate with dia-
zonium salt derived from IV (R=NH2, R'=H),
which was obtained by Bucherer reaction on IV
(R=OH, R'=H), and failed to obtain IV (R =
SCH3, R'=H) by the usual method because he
could not hydrogenate III (R=SCHa, R'=H) to
IV (R=SCHa, R'=H).
The present author tried to prepare this com-
pound (IV; R=SCHa, R'=H) by his own modi-
fied method, not by this tedious method. The
starting substance in the present preparation, i.
e., 6-methylthio-2-propionaphthone, was prepared
with a modified method from j9-naphthylamine.
Ethyl xanthate produced from /3-naphthalene
diazonium hydrochloride and potassium ethyl
xanthate was hydrolyzed to sodium /3-thionaph-
thol, which was not isolated but immediately
methylated with dimethy'sulfate in alkaline me-
dium to give methyl j9-naphthyl sulfide in a 45%
yield. Acylation with propionyl chloride in
nitrobenzene in the presence of anhydrous
aluminum chloride gave 6-methylthio-2-propio-
naphthone in a 78.5% yield. Whereas Buu-Hoi
et al.l!) have prepared this ketone by the interac-
tion of methyl j9-naphthyl sulfide and propionyl
anhydride.
Condensation of 6-methylthio-2-propionaph-
thone with i-butyl a-bromoisobutyrate in the
presence of magnesium in a mixture of ether
and benzene gave i-butyl a, a-dimethyl-/3-ethyl-
j9-hydroxy-6-methylthio-2-naphthalenepropionate
(II; R = SCHa, R' = t-C4H9) in a 84% yield.
When the i-butyl /3-hydroxy ester thus obtained
was treated with a refluxing mixture of acetic
acid, water, iodine and red phosphorus as de-
scribed in the case of i-butyl 6-methoxy-analog,
a,a-dimethyl-j9-ethYI-6-methylthio-2-naphthalene-
propionic acid (IV; R = SCHa, R' = H) was pro-
duced in a 34% yield.
Experimental**)
i-Butyl a-bromoisobutyrate. 12) - To a hot
mixture of 55 g. of dimethylaniline, 35 g. of i-
butyl alcohol and 200 mI. of ether there was
added 110 g. of a-bromoisobutyryl bromidel3) at
such a rate that a moderate refluxing continues.
The mixture was refluxed for 1.5 hr. on a steam
bath. After cooling the solid material was dis-
**) All boiling and melting points are uncorrected.
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solved by addition of water, and the ether layer
was washed with 10% sulfuric acid, with satu-
rated sodium bicarbonate solution and finally
with water. After drying with anhydrous so-
dium sulfate, ether was removed under reduced
pressure. The residue was distilled to afford 59
g. (55%) of i-butyl a-bromoisobutyrate boiling
at 62-63°/15 mm.
Anal. Calcd. for CSHI50zBr: C, 43.06; H,
6.78. Found: C, 43.73; H, 6.88.
t-Butyl S-HydroxY-S-ethyl-a,-a-dimethyl-6-
methoxy-2-naphthalenepropionate (II ; R =
OCHs, R'=t-C4H9). - To a mixture of 2.0g. of
magnesium and 40 ml. of anhydrous ether there
was added a few drops of methyl iodide. When
the reaction had started, a solution of 10.7 g. of
6-methoxy-2-propionaphthone14) and 12.0 g. of
i-butyl a-bromoisobutyrate in 100 ml. of anhy-
drous benzene was added with stirring at such
rate designed to maintain gentle reflllxing over
a 30-min. period. Stirring was continued for
further 1 hr. at the boiling point of the mixture.
After cooling the reaction product was decom-
posed with ice-water containing 20 ml. of con-
centrated hydrochloric acid. The organic layer
was separated and the aqueous layer was extrac-
ted with a mixture of benzene and ether. The
organic layers were combined, washed with
water, with sodium bicarbonate solution and
finally with water, and dried over anhydrous
sodium sulfate. After removing the solvent
under reduced pressure and recrystallizing from
ethanol, there was obtained 14.3 g. (80 %) of
colorless needles, m. p. 124-125°. An analytical
sample was obtained through recrystallizations
from ethanol, which melted at 1~4.5-125.5°.
Anal. Calcd. for CZZHS004: C, 73.71; H,
8.44. Found: C, 73.62; H, 8.52.
a,a-Dimethyl-S-ethylallenolic Acid (IV;
R=OH, R' = H). - A mixture of 3.6 g. of i-
butyl Shydroxy--S-ethyl-a, a-dimethyI6-metho-
xy-2-naphthalenepropionate, 50 ml. of glacial
acetic acid, 4.5 g. of red phosphorus, 1.5 g. of
iodine and 2 ml. of water was heated to boiling
for 4 hr. The cooled solution was filtered through
sintered glass and the red phosphorus was
washed with acetone, then the filtrate and wash-
ings were combined and c'Jncentrated under
reduced pressure. The residue was treated with
50 ml. of water containing a little sodium bisul-
fite, and extracted with ether. The ethereal
solution was washed thoroughly with water, and
the acid was extracted from this solution with
10 % sodium carbonate solution.
The alkaline extract was acidified with con-
centrated hydrochloric acid and the naphthalene-
propionic acid which separated was filtered with
suction, washed with water and dried. The
crude product thus obtained melted at 165-167°
and weighed 0.9 g. (35 %). Recrystallization
from aqueous methanol gave an analytically pure
sample, m. p. 171-172°. The recorded m. p. is
17;-175°4) and 170.5-171°15).
S-EthyI-a, a-dimethy1-6-methoxy-2-naphth-
alenepropionic Acid (IV; R = OCH3, R' = H).-
To a solution of 1.8 g. of i-butyl S-hydroxy-S-
ethyl-a, a-dimethyl-6-methoxy-2-naphthalenepro-
pionic acid in 100 ml. of glacial acetic acid
containing 1.0 g. of concentrated sulfuric acid
there was added 1.0 g. of 5 % palladium-charcoal
catalystI6 ). This solution was shaken with
hydrogen at 25-30° for 20 hr., when the calcu-
lated amount of hydrogen was absorbed. The
catalyst was separated through filtration and
most of the acetic acid was removed under
reduced pressure. The residue was poured into
water and the precipitated gum was dissolved in
ether. The alkaline extract was acidified and
the solids which separated were collected. The
crude product thus obtained melted at 130-
130.5° and weighed 0.7 g. (49%). Recrystalliza-
tions from aqueous methanol gave an analytically
pure sample and melted at 131.5-132°. The
recorded m. p. is 139-140° 4) and 131.5-
132.5°6).
Methyl S-Naphthyl Sulfide. - To a mixture
of 107 g of S-naphthylamine, 150 ml. of con-
centrated hydrochloric acid and 150 ml. of water
there was added a solution of 55 g. of sodium
nitrite in 125 ml. of water at 0-4° over a 40-min.
period. The obtained diazonium solution was
added dropwise to a solution of 150 g. of potas-
sium ethyl xanthate in 140 ml. of water main-
tained at 50-55° during 1 hr., and the mixture
was kept at 50-55° for further 30 min. After
cooling the red oil which separated was taken
up in ether and the ether layer was washed
with water and dried with calcium chloride.
The residue, which obtained by evaporating
ether, was dissolved in a mixture of 500 ml. of
ethanol and 100 ml. of water. After refluxing,
175 g. of potassium hydroxide was added over
a 20-min. period at such a rate that moderate
refluxing was continued, and refluxing was con-
tinued for further 5 hr. After distilling off about
500 ml. of ethanol and diluting with 500 ml.
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of 10 % sodium hydroxide solution, 100 ml. of
dimethylsulfate was added with ice-cooling over
a 20-min. period. The resulting mixture was
refluxed for 1.5 hr., and extracted with ether
after cooling. The combined ether layers were
washed with water and dried with anhydrous
sodium sulfate. By distilling under reduced
pressure, there was obtained 69 g. (45 %) of
methyll3-naphthyl sulfide, b. p. 140-145°15mm.,
which was solidified on standing. After recrys-
tallization from ethanol, it formed pale yellow
leaflet, m. p. 60-61 0. The reported m. p. is 60
-61°11).
6-Methylthio-2-propionaphthone. - To an
ice-cooled solution of 43.5g. of methyll3-naphthyl
sulfide and 28 g. of propionyl chloride in 350m!.
of nitrobenzene, there was added 43 g. of pow-
dered aluminum chloride in small portion over
a 20-min. period and was maintained at 0° for
2 hr. After keeping overnight at room tempera-
ture, the red mixture was poured onto ice-water
acidified with concentrated hydrochloric acid.
Nitrobenzene was steam-distilled and the residue
was extracted with benzene. The benzene solu-
tion was washed with 10 96 sodium hydroxide
solution and with water and dried with anhy-
drous sodium sulfate. Concentration and distilla-
tion gave 45.2 g. (7d. 5%) of 6-methylthio-2-pro-
pionaphthone, b. p. 184-186°12 mm., which
solidified immediately. After recrystallization
from ethanol it formed white leaflet, m. p. 100.5
-101°. The reported m. p_ is 100°11)_
t-Butyl I3-HydroxY-I3-ethyl-a, a-dimethyl-6.
methylthio2-naphthalenepropionate (II ; R
=SCH3, R'=t-C4 Hs). - To a mixture of 2.0 g.
of magnesium and 20 ml. of ether there was
added a few drops of methyl iodide, and a solu-
tion of 10.0 g. of 6-methylthio-2-propionaphthone
and 12.0 g. of t-butyl a-bromoisobutyrate in a
mixture of 50 ml. of benzene and 10 ml. of ether
was added over a 30-min. period. A few drops
of methyl iodide was added to the mixture to
complete the reaction and refluxed for 100 min.
The resulting mixture was decomposed with ice-
water containing 20 ml. of concentrated hydro-
chloric acid and extracted with a mixture of
benzene and ether. The combined organic layer
was washed with saturated sodium bicarbonate
solution and with water and dried with anhy-
drous sodium sulfate. After removing the solvent
and washing with methanol, there was obtained
white crystal.
t-Butyll3-hydroxy-l3-ethyl-a,a-dimethyl-6-meth-
ylthio-2-naphthalenepropionate melted at 99-
100° after recrystallizing from ethanol, weighed
13.6 g. (84%).
Anal. Caicd. for C22H3003S: C, 70.55; H,
8.07. Found: C, 70.90; H, 8.08.
I3-EthyI-a, a-dimethy1-6-methyIthio-2-naph-
thalenepropionic Acid (IV; R = SCH3, R' = H).
- A mixture of 4.0 g. of t-butyl {1-hydroxy-{1-
ethyl-6-methylthio-a, a-dimethyl-2 -naphthalene-
propionate, 60 ml. of glacial acetic acid, 5.0 g.
of red phosphorus, 1.8 g. of iodine and 2 ml. of
water was refluxed for 4 hr. After cooling, the
mixture was filtered and the remaining red
phosphorus was washed with acetone, the fil-
trate and washings were combined and concen-
trated under reduced pressure. The dark res-
inous residue was dissolved in ether and washed
with water containing a little sodium bisulfite
and thoroughly with water, and the acidic ma-
terial was then extracted thoroughly from the
organic layer with 10 % sodium carbonate solu-
tion. The alkaline extract was acidified with
concentrated hydrochloric acid and the separated
pale yellow acid was filtered, washed with water
and dried in vacuo. The crude product weighed
1.1 g. (34 %) and melted at 135-142° after one
recrystallization from aqueous ethanol. An
analytically pure sample, m. p. 156-157°, was
obtained by further recrystallizations from
aqueous ethanol. The reported m. p. is 159°10).
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